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Abstract
We study of the inuence of the radial electric eld of a plasma wave on the
accelerated electrons
In the following paper, we study the inuence of the radial electric eld of
an electron plasma wave (EPW) on the electrons that are accelerated by the
EPW. The laser beam has a gaussian prole, and is not guided. The electric
eld of the EPW is computed in the linear approximation.
(De)focusing






















































is the maximum laser
intensity. The two elds are phase-shifted by =2. We get a four-fold segmen-
tation of the phase axis:
' 0 =2  3=2 2
j accel. j accel. j decel. j decel. j
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As E
r
is proportional to r for small r, each slice of the plasma wave is equiv-




































At low eld, r is not modied during the way through the plasma wave, and we




































where  is the amplitude of the EPW. For the wakeeld experiment at Ecole




The approximation is valid as long as r is not modied during the propagation




. This condition is satised when  is








). For a 80 mm diameter beam
focused with a 1.4 m lens[2], we obtain z
0





Fig. 1. Absolute value of the focal length in 
p
units, for an injection at ' = 0
(solid curve), ' =  (dashed-dotted), and in the low amplitude approximation (eq.




Indeed for  < 
l
, the focal length is well described by eq. 4. (g 1).
For higher values of the amplitude and a defocusing eld (' = 0), r increases
rapidly, and that makes the radial force increase more. The electron is expelled
well before the waist, and the corresponding value of the focal length is very
small.
In a LWF acceleration experiment, one is mainly interested in electrons that
undergo a maximum longitudinal electric eld along the main part of their
path in the EPW. The radial eld is then minimum. Furthermore  increases
during propagation, and the focusing strength decreases. At last, the electrons
that reach the focal plane with the optimal phase wrt to the eld see the radial
eld changing sign, so that the integral cancels. For these electrons, the actual
value of the focal length is therefore much larger than the one given by eq.4.
Betatron oscillations; Electron guiding by the EPW
Figure 2 presents the variation of f
r
with the injection phase ' for several
values of . The numerical integration described in ref. [3] was used
1
. At low
amplitude, we nd again a variation as  1= cos'. At higher amplitude, and
for a defocusing eld ' 2 [ =2; =2], we have a very short negative focal
length : the EPW blows up the beam before the waist. For ' 2 [=2; 3=2],
we have long focal lengths with alternating sign : this is the indication of
betatron oscillations of the electrons inside the EPW.




. We can call
\adiabatic" the behaviour of the electrons in the EPW when =2 is shorter
than the caracteristic length decribing the longitudinal evolution of the EPW,
that is than z
0
.





=4, where o is the apperture of the focusing optics. With the values




. Indeed, the \betatron"












































As this phase actually evolves while the electron is moving forward into the EPW,
we must dene it in an univocal way. We dene it as the phase the electron would
have at the focal plane if its movment had not been aected by the wave.
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Fig. 2. Absolute value of the focal length in 
p
units as a function of ', for several
values of . The sign of f
r
changes at each divergence.
Note that  / 1=
p
, that is, for high z,  / z : the integral diverges. Actually
the integration bounds are approximatively determined by the adiabaticity
break-down, =2  z
0
, that is   
c






































The estimation of Q given by eq. 6 is compared to the value observed in gure
2 in table 1 (the number of divergences of f
r
is equal to 2Q + 2), with a
satisfying agreement.
We notice on gure 2 that on the plateau, the focal length takes minimum




= 4  1, and it does not depend on  nor on . In the
high amplitude regime, the output angle is of the order of the paraxial angle
















=2, close to the actual
value at the focal plane.
  
c
\mesured" number Q 4Q+ 2
1 26.4 5:3 10
 3
44 14.4 59.6
0.1 7.9 1:6 10
 3
16 6.9 29.7
0.01 6.1 1:2 10
 3
6 1.55 8.2
0.001 5.89 1:2 10
 3
2 0. 2
Radial extension of the linear region






is only valid close to the axis, at
low r
in
. For ' close to =2 (on the plateau) and  = 1, we \observe" that the




= 10 20m. But the nal energy of the






This is strange, because the laser beam has a narrow radial extent, with a




=2 = 6m. Actually the EPW captures the electron
very early, far from the waist, in a region where   
c






here z  29:z
0





that is   29:
0
= 170m.
During capture, the size of the electron beam is strongly reduced in the high
intensity region, by one order of magnitude with our parameters (g. 3). This
is due to two cumulating factors :













being the RMS emit-

























= 2:04, (\observed" 2.).
Capturating emittance
The region of the transverse phase space in which the electrons can gain more
than half their maximum energy gain is presented in gure 4. When the
coordinates of the incoming electrons are referenced at the focal plane (left,
z = 0), we notice a strong positive correlation between them. This is the
indication of a capture that takes place at about 10 z
0
upstream from the
waist (right, z =  10z
0
).
The capturating emittance in gure 4 is 2.4 mm.mrad.
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Fig. 3. Variation of  and of the radial position r of an electron injected parallel to
the axis along its way through the EPW.
Beam quality
For a LWA accelerator, we may want that the EPW does not disturb the
accelerator optics. This means that the the focal length of the EPW must be




, and also that
the normalised emittance 
N
is conserved.
Actually we have seen that on a given small segment of the phase axis, the
value of the focal length varies strongly in amplitude an in sign. Therefore the






Finally the transverse electric eld of the EPW has a rather positive action
on the electron beam, providing a capture and a guiding of the accelerated
electrons, on one fourth of the phase segment (g. 5).
The normalised emittance of the captured beam can be conserved in the pro-
6
Fig. 4. Region of the transverse phase space of the incident electrons for which
 > 
max
=2. Left : reference at z = 0. Right : reference at z =  10z
0
.
Fig. 5. Energy spectrum and its phase dependence, with  = 1, and an electron
beam emittance as used in [2] with  = 20m and 
0
= 10mrad [4] .
cess, provided the Rayleigh length z
0
of the laser beam be larger than the one
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